70 Recently, field experiments were carried out to determine the effects of the irrigation regime 178  179  180  181  182  183  184  185  186  187  188  189  190  191  192  193  194  195  196  197  198  199  200  201  202  203  204  205  206  207  208  209  210  211  212  213  214  215  216  217  218  219  220  221  222  223  224  225  226  227  228  229  230  231  232  233  234  235  236 115 no P fertilizer was used. The target total season amounts of N and K were 224 kg/ha each with 116 20% broadcast and incorporated in the bed prior to mulch application and 80% injected   237  238  239  240  241  242  243  244  245  246  247  248  249  250  251  252  253  254  255  256  257  258  259  260  261  262  263  264  265  266  267  268  269  270  271  272  273  274  275  276  277  278  279  280  281  282  283  284  285  286  287  288  289  290  291  292  293  294  295 6 117 through the drip irrigation system in 6 applications though the growing season. Irrigation was 118 applied through drip-irrigation tubes, under the mulch to maintain volumetric soil water 119 content (measured by time domain reflectometry) at 8-10% (Muñoz-Carpena, 2012). Early in 120 the season, one irrigation event of 30 min per day was satisfactory to maintain optimal soil 121 moisture but irrigation cycles were increased to three 30 min cycles starting 60 days after 122 planting until the end of the season.
123 Iron/copper treatments were replicated three times in a randomized, complete-block design.
124 Iron was applied as Fe-lignosulfonate (4% iron oxide, Interstate Products, Inc. Sarasota, FL, 125 USA) and copper was applied as copper diamonia diacetate (8% metallic Cu, Southern 126 Agricultural Products, Palmetto, FL, USA). According to the manufacturers' instructions, iron 127 was applied at 0.17 kg Fe/ha per application and copper at 0.1 kg Cu/ha per application.
128 Tomatoes were sprayed every two weeks, every six weeks or once 3 days prior to the harvest. 129 The only Fe and Cu sprays received by the tomatoes were the specific treatments. 138 were washed three times in phosphate-buffered saline (PBS, pH 7.0), and the strains from the 139 outbreaks were combined into a six-strain inoculum. These inocula were further diluted in 140 PBS and 3 µl of the suspension (containing about 100 CFU) were spotted onto three shallow 141 wounds (~ 1 mm) in the tomato epidermis. Infected tomatoes were incubated at 22 °C for a 142 week. After incubation, tomatoes were blended in an equal volume of PBS using a stomacher 143 (Sevard, West Sussex, UK) (200 rotations per minute for 1 min) and 50 l of the suspensions 144 were plated onto Xylose Lysine Deoxylate (XLD) agar (Beckton, Dickinson and Company, 145 Franklin Lakes, NJ, USA) and incubated at 37 °C overnight. Proliferation was calculated by 146 dividing the total CFU recovered from each tomato by the total CFU inoculated into each 147 fruit. This allows accounting for differences in tomato sizes and for the fact that the 296  297  298  299  300  301  302  303  304  305  306  307  308  309  310  311  312  313  314  315  316  317  318  319  320  321  322  323  324  325  326  327  328  329  330  331  332  333  334  335  336  337  338  339  340  341  342  343  344  345  346  347  348  349  350  351  352  353  354   7 148 colonization of a tomato fruit by Salmonella is not even. The ratios were further subjected to 149 the log 10 transformation.
2.3 Effect of plate crowding on CFU recovery
151 We recognize that to obtain accurate counts, it is desirable to have 30-300 CFU/plate. 152 However, when processing thousands of field samples, we invariably obtained plates with 153 more than 300 CFU. Rather than discarding these data, we performed experiments to 154 determine how to correct for the non-linearity of CFU counts on crowded XLD plates. Three 155 tomatoes were inoculated with ~1,000 CFU of Salmonella Typhimurium 14028. Following 156 incubation, tomatoes were stomached as above and each of the four ten-fold dilutions was 157 plated onto XLD. CFUs were counted following overnight incubation at 37 o C. The correction 158 assumed that the observed count theoretically has to be proportional to the inoculum volume, 159 which can be represented by a power curve:
. A power curve corresponds to a linear = 160 log-log curve, with the power curve coefficient corresponding to the slope of the log-log 161 curve:
. Without crowding, the slope should be equal to one. In log = log + log 162 presence of crowding, the slope will be lower than one, and the log(true count) can be 163 obtained by dividing the log(observed count) by the slope. To obtain the slope factor , we 164 fitted a linear mixed effects model to the log(observed count) versus the log(dilution), with 165 dilution series as random effect, using the lme4 package for R 3. 
2.4 Data analysis
168 We used regression trees to identify the experimental factors that were best able to explain the 169 observed variation in Salmonella proliferation, defined as the log 10 -transformed ratio of 170 Salmonella cells after and before inoculation. Models were fitted to the observed cell counts 171 and to the overcrowding-corrected cell counts. The independent variables in the models were 172 the experimental treatments (i.e., irrigation, fertilization, pesticide), tomato ripeness, tomato 173 cultivar, Salmonella strain, and harvest time. To explore the effects of harvest time, we fitted 174 additional regression tree models where harvest time was replaced by the underlying climatic 175 variables. We obtained climate data up to one week prior to each harvest from the Florida 473  474  475  476  477  478  479  480  481  482  483  484  485  486  487  488  489  490  491  492  493  494  495  496  497  498  499  500  501  502  503  504  505  506  507  508  509  510  511  512  513  514  515  516  517  518  519  520  521  522  523  524  525  526  527  528  529  530  531 10 241 Regression trees confirmed time of harvest was the most important factor for explaining the 242 observed variability in Salmonella proliferation, followed by tomato ripeness (with a relative 243 importance of 30-40% of that of harvest time), while none of the experimentally imposed 244 variables had a visible effect (Appendix 3). Climate variables were included in the model to 245 explain the apparent associations between time of harvest and Salmonella proliferation.
246 Humidity-related factors emerged as the most important factors (Fig. 4-6 ). In all three 247 experiments, high relative humidity the week prior to harvest was consistently associated with 248 less Salmonella proliferation with the breakpoint at 77-80% RH and explaining 1.3-1.9 log 10 249 units of proliferation differential. Other factors related to humidity were also found 250 influential, but their effects were less equivocal. Rainfall was of importance in the irrigation 251 experiment, whereas a dew point ≥ 15 °C was associated with less proliferation in the 252 nitrogen/potassium experiment, and a dew point < 23 °C was associated with less 532  533  534  535  536  537  538  539  540  541  542  543  544  545  546  547  548  549  550  551  552  553  554  555  556  557  558  559  560  561  562  563  564  565  566  567  568  569  570  571  572  573  574  575  576  577  578  579  580  581  582  583  584  585  586  587  588  589 591  592  593  594  595  596  597  598  599  600  601  602  603  604  605  606  607  608  609  610  611  612  613  614  615  616  617  618  619  620  621  622  623  624  625  626  627  628  629  630  631  632  633  634  635  636  637  638  639  640  641  642  643  644  645  646  647  648  649 12 305 Under the field conditions, we did not observe an effect of the tomato cultivar on post-harvest 306 susceptibility to Salmonella. However, it should be noted that unlike other studies in which 307 dozens of tomato genotypes were compared (Han and Micallef, 2014; Marvasi et al., 2014b), 308 only three tomato cultivars were compared in our study. Only relative humidity had a 309 consistent effect, explaining a proliferation differential of 1.3-1.9 log 10 units. Hence, a major 310 part of the variability remains unexplained. Furthermore, the most important variables 311 identified by our analysis are not readily available from routine observations made while 312 growing or harvesting tomatoes. For risk managers, specifically tomato growers, our results 313 imply that harvesting after a period of high humidity will decrease the potential Salmonella 314 proliferation. It is unlikely that the physical and/or chemical changes associated with humidity 315 itself had a major impact on the properties of the fruit: imposing high or low irrigation 316 treatment did not predispose tomatoes to Salmonella. Only severe water congestion (which is 317 unlikely to occur at the relative humidity that tomatoes experiences in these studies) increased 650  651  652  653  654  655  656  657  658  659  660  661  662  663  664  665  666  667  668  669  670  671  672  673  674  675  676  677  678  679  680  681  682  683  684  685  686  687  688  689  690  691  692  693  694  695  696  697  698  699  700  701  702  703  704  705  706  707  708 13 337 microbiota of the tomato crop, the complex multi-partite interactions of these factors are still 338 far from being fully understood.
5 Conclusion
340 To overcome the limitations of classical regression models, we used regression trees to 341 explore the factors that affect Salmonella proliferation in three distinct experimental datasets.
342
In line with previous studies, we confirmed the effect of tomato ripeness and the limited 343 impact of production practices (such as varying levels of N, P fertilization, irrigation levels 344 and overhead Cu-and Fe-containing sprays). By including information on climatic conditions 345 prior to harvest, we identified the importance of humidity prior to harvest that was associated 346 with decreased Salmonella proliferation, and thus showed a protective effect. The independent 347 action of relative humidity was confirmed in a controlled laboratory experiment. 827  828  829  830  831  832  833  834  835  836  837  838  839  840  841  842  843  844  845  846  847  848  849  850  851  852  853  854  855  856  857  858  859  860  861  862  863  864  865  866  867  868  869  870  871  872  873  874  875  876  877  878  879  880  881  882  883  884 886  887  888  889  890  891  892  893  894  895  896  897  898  899  900  901  902  903  904  905  906  907  908  909  910  911  912  913  914  915  916  917  918  919  920  921  922  923  924  925  926  927  928  929  930  931  932  933  934  935  936  937  938  939  940  941  942  943  Humidity prior to harvest is associated with decreased Salmonella proliferation 4  The independent action of humidity was confirmed in a controlled lab experiment 5  The impact of humidity appears to be related to the presence of native microbiota
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